Several rural farms have installed anaerobic digestion systems as manure management systems. Such systems are also used to provide electricity and heating. In these systems, biogas is generated from anaerobic digestion of biomass waste and combusted in a boiler and an engine-generator set, to produce heat and electricity respectively. This paper calculates the size and mode of operation of a biomass waste to energy conversion system that would result in maximum revenue for a given herd size. A Tabu Search optimisation technique is used. A number of equally good solutions are generated. These solutions are plotted on a Pareto front and the best solution is defined as one that lies on this Pareto front. Optimisation of a biomass waste to energy conversion system reduces reliance on electricity from the grid. It also reduces reliance on the use of propane or other fossil fuels for heating.
where r is the rate of accumulation of particulate substrate, X a 107 is the concentration of active biomass and k is a first order rate 
where S is the concentration of the substrate, K is the con- (1) and (2) are used to formulate the mass balance equations of 119 the anaerobic digestion process as:
where S liq is the liquid components concentration, q in is the 121 volume flow rate of manure influent, S in is the concentration 122 of manure influent, q out is the volume flow rate of manure ef- 
where AF is the air-fuel ratio of the biogas, 
where LHV biogas is the Lower Heating Value of biogas, hrp 150 is the heat of combustion of the reactants in the digester and 151 M biogas is the molecular mass of biogas.
152
The torque generated is applied to an induction generator 153 to produce electricity. 
where v sd , v sq , v rd and v rq are dq voltages, i sd , i sq , i rd and i rq are 174 dq currents, ω d is the instantaneous speed of the dq winding, 
where Q HEX is the heat from the heat exchanger, η HEXeff is the internal combustion engine, T water is the temperature of water 189 in the heat exchanger.
190
It is assumed that a dual fuel boiler is used. The heat output 191 of the boiler is obtained by:
where Q boiler is the heat output of the boiler, u 1 is the vari- The total heat output of the biomass waste to energy con- erating temperature of the digester is also included.
217
The boiler rating is determined from the heat demand by:
where b r is the boiler rating, max(d h ) is the maximum heat de-219 mand, Q HEX is the heat exchanger output that corresponds to 220 the maximum heat demand and δ b is an allowance for the boiler 221 rating.
222
Electrical energy demand is obtained from a typical dairy
The modeling of the components of the biomass waste to 225 energy conversion system has been described in this section.
226
The optimisation methodology is described next in Section 3. 
Objective Function 233
The objective of the optimisation is to maximise revenue 234 from a biomass waste to energy conversion system for a given 235 herd size. The objective function is expressed as:
where z is the minimal cost, C capital is the capital cost amor-237 tized monthly, C propane is the monthly cost of backup propane,
238
C incentives is the value of incentives given monthly for genera-239 tion of renewable energy and C grid electricity is the monthly cost 240 of electricity obtained or sold to the grid. 
Optimisation Variables, Inputs, Outputs and Parameters 242
The four variables selected for use in the optimisation are 243 given in Table 1 and shown in Figure 1 . = v in (n days max + n lagoon storage )/n days max m 3 /day (17) where u max 4 is the maximum digester volume flow rate, v in is 258 the volume flow rate of manure from the cows, n days max is the 259 maximum number of days in a month and n lagoon storage is the 260 initial lagoon storage capacity in days. The volume flow rate 261 of manure from the cows is determined from [22] .
262
The inputs and outputs of the system model are given in Ta-263 ble 2 and shown in Figure 1 .
264
The parameters of the optimisation are given in Table 3 . given in Table 6 . The total capital expenditure on the biomass 275 waste to energy conversion system is expressed as:
where C cost is the total capital expenditure, d cost is the cost of 277 the digester, g cost is the cost of the engine generator set, lg cost 278 is the cost of the lagoon, b cost is the cost of the boiler, C cap in is 279 the capacity incentive and x anc is a factor for ancillary works.
280
The total capital expenditure is amortized monthly by:
where C capital is the capital cost amortized monthly, r is the 282 annual interest rate, C cost is the capital expenditure and p is the 283 number of payments.
284
The cost of electricity from the grid is computed based on the sell electricity generated from biogas, to the utility company.
287
Net metering is also an option whereby the value of electrical 288 energy sent to the grid is subtracted from the user's monthly 289 electricity bill.
290
The objective function also includes a cost of incentives cal-291 culated by:
where C incentives is the monthly cost of incentives, h is hours, 293 n hours is the number of hours for which the system generates where z is a cost vector, C propane is the monthly cost of propane 314 and C grid electricity is the monthly cost of grid electricity. Once 315 the minimum cost is obtained from (21) for the different induc- The Tabu Search is implemented by sampling each of the 319 three variables (u 1 , u 2 and u 4 ) for a given neighbourhood. The 320 month for which the optimisation is to be carried out is selected 321 based on the optimisation strategy. The neighbourhood of the 322 variable is defined as: 
338
There are six sets of constraints for this optimisation prob-339 lem which are defined as: (Table 7) , with the 50hp engine-generator set system. The 465 farm will however earn $17086 from renewable energy gener-466 ation incentives. The capital costs of the system have to be 467 factored in (Table 7) The cost of propane from the proposed system is shown in Search optimisation therefore minimises the cost of propane.
490
Data for the volume flow rate of biogas to the engine-491 generator set on the sample farm was only available for three 492 months of the year hence the missing data in Figure 10 . The
493
data available shows that a lower volume of biogas is sent to 494 the engine-generator set, despite the farm's engine generator 495 set having a higher rating than the proposed engine-generator 496 set. This is also reflected in the lower electricity production in 497 April, May and June (Figure 11 ), on the sample farm. pacity will lead to 48% more cost savings for the sample farm.
531
In conclusion, the Tabu Search optimisation algorithm devel-532 oped can be used to predict the maximum revenue that can be 533 generated from a given herd size for a biomass waste to energy Hydro-Quebec Insitut de recherche is thanked for his com-546 ments.
